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Abstract 
An inorganic-organic composite polymer (MCPAM) which consists of magnesium chloride and polyacrylamide was 
applied in the flocculation system to remove reactive dye (Cibacron Red FN-R) from aqueous solution. Five 
independent factors i.e. concentration of dye, pH, dosage of composite polymer, agitation speed and agitation time 
that are affecting the decolourization efficiency of reactive dye, was investigated. A 25-1 fractional factorial design 
was used to investigate the effect of the independent factors as well as the interaction factors on the colour removal 
(%). All independent factors were shown to have significant effect on the colour removal (%) of reactive dye. The 
results showed that the order of significance: dosage of composite polymer > pH > concentration of dye > agitation 
speed > agitation time. Amongst the operating factors in question, interaction factor of pH*dosage of composite 
polymer had the strongest effect on the colour removal (%). 
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1. Introduction 
Textile industry is one of the industries that pose a high demand on water supply and produce large 
amounts of wastewater. The colour effluent from the dyeing and printing processes has to be treated 
before being discharged [1]. To remove dyestuffs from the effluent, various materials have been used. 
Among them are inorganic coagulants, organic flocculants as well as hybrid materials. Hybrid materials, 
e.g. inorganic-organic composite polymers are referred to the introduction of inorganic components into 
the polymeric materials to enhance the aggregating power. The application of inorganic coagulants often 
poses a limitation where the aggregating capacity remains lower than that of organic flocculants [2-3]. To 
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overcome the mentioned limitation, organic polymeric materials such as polyacrylamide (PAM) [2-3] and 
polydimethyldiallylammonium chloride (PDMDAAC) [4] were introduced in the preparation of 
inorganic-organic composite polymers. PAM and PDMDAAC share the common characteristics which 
are high molecular weight and high solubility in water. Therefore, with the introduction of organic 
polymeric materials into the composite polymers, the bridging mechanism hence can be enhanced and 
eventually improve the aggregating capacity. Due to the synergetic effect of inorganic and organic 
substances in one material, composite polymers hence pose a superior performance compared to that of 
individual components [5]. Apart from that, composite polymers which combine the functional 
components into one prescription would be convenient for the operation of wastewater treatment facilities 
whereby it only requires one unit operation which is flocculation, instead of conventional coagulation-
flocculation system. The reduction of operational process is favourable to the industries that are 
discharging large volume of wastewater, particularly textile industry [2].  
Design of experiments (DOE) has emerged as one of the most useful statistical techniques which are 
able to cover a wide range of experimental statistics and obtain unambiguous results with a minimum 
number of experiments. Factorial designs are widely applied in the experiments that are taking in account 
of several factors where it is necessary to study the interaction effect of factors on the response. 2k 
factorial design is particularly applied in the beginning stages of experimental work when there are 
several factors which are likely to be investigated. However, as the number of factors to be studied in a 2k 
factorial design increases, the number of runs required for a complete replicate of design rapidly outgrows 
the resources for the experiments [6]. Thus, fractional factorial designs have been introduced in screening 
the factors in which to determine the degree of effect from the factors. There has not been any literature 
reported on the application of fractional factorial design to determine the effect of factors on the 
flocculation of reactive dye from aqueous solution using inorganic-organic composite polymer. In the 
present study, an inorganic-organic composite polymer (MCPAM) which consists of magnesium chloride 
and polyacrylamide was applied in the flocculation system to remove reactive dye (Cibacron Red FN-R) 
from aqueous solution. A total of five operating factors e.g. concentration of dye, pH, dosage of 
composite polymer, agitation speed and agitation time were taken into account to determine their effects 
on the flocculation of reactive dye using 25-1 fractional factorial design.   
2. Materials and methods 
2.1. Materials  
Acrylamide (AM) (>99% purity, Merck) was used without further purification. Ammonium 
persulphate (AR, Systerm) and sodium bisulfite (GR, Acros Organics) were used as redox initiators. 
Magnesium chloride (ı99%, Bendosen) was used as received. Deioinized water was used in the 
preparation of MCPAM composite polymer. 
2.2. Preparation of inorganic-organic composite polymer 
The preparation of inorganic-organic composite polymer (MCPAM) which consists of magnesium 
chloride and polyacrylamide has been described in our previous paper [7]. Aqueous solution of MCPAM 
composite polymer (20 g/L) was prepared with composition of 90% MgCl2 : 10% PAM (w :w) through 
physical blending. The aqueous solution of MCPAM composite polymer was allowed to age for 24 hours 
at room temperature prior to any application.   
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2.3. Flocculation procedure 
Different concentrations (200 to 400 mg/L) of synthetic dye wastewater were prepared by dissolving 
Cibacron Red FN-R (CI Reactive Red 238, C29H15O13S4ClFN7Na4, molecular weight: 944.2 g mol-1) in 
distilled water. The pH of the synthetic dye wastewater was controlled by adding acid and alkaline. 
Flocculation process was carried out using a standard jar test as shown in Fig. 1. Desired dosage of 
MCPAM composite polymer was introduced into the synthetic dye wastewater and it was agitated with 
speed and time according to the design. Flocs formed were allowed to settle for 30 minutes. The colour 
residue remained in the supernatant was measured with a spectrophotometer (HACH, DR2800). 
 
Fig. 1. Schematic diagram of flocculation of reactive dye wastewater.  
2.4. Experimental design 
In present study, five factors e.g. concentration of dye, pH, dosage of composite polymer, agitation 
speed and agitation time were taken into account to investigate their effects on colour removal (%) using 
a 25-1 fractional factorial design. Table 1 shows the designed factors and levels to be employed for the 
experiments. A total of 22 experimental runs were conducted. Factor levels were coded as –1 (low level) 
and +1 (high level) where low level indicates the lowest range of the factors and high level indicates the 
highest range of the factors; while 0 indicates the center point. Center points were added to detect the 
curvature. The experiments were carried in 3 replicates. The outputs of the experimental design were 
analyzed with Minitab 14 statistical software to evaluate the effects as well as the statistical parameters. 
The response was analyzed using ANOVA based on the p-value with 95% of confidence level.  
Table 1. 25-1 Fractional factorial design matrix. 
Run  
Order 
Dye  
Concentration pH Dosage
Agitation 
Speed
Agitation 
Time Colour Removal (%) 
1 -1 -1 -1 -1 +1 98.91 
2 +1 -1 -1 -1 -1 97.86 
3 -1 +1 -1 -1 -1 86.76 
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4 +1 +1 -1 -1 +1 70.77 
5 -1 -1 +1 -1 -1 89.85 
6 +1 -1 +1 -1 +1 95.38 
7 -1 +1 +1 -1 +1 99.65 
8 +1 +1 +1 -1 -1 99.09 
9 -1 -1 -1 +1 -1 99.03 
10 +1 -1 -1 +1 +1 98.37 
11 -1 +1 -1 +1 +1 87.42 
12 +1 +1 -1 +1 -1 77.78 
13 -1 -1 +1 +1 +1 92.90 
14 +1 -1 +1 +1 -1 95.87 
15 -1 +1 +1 +1 -1 99.68 
16 +1 +1 +1 +1 +1 99.40 
17 0 0 0 0 0 99.11 
18 0 0 0 0 0 99.27 
19 0 0 0 0 0 99.43 
20 0 0 0 0 0 98.84 
21 0 0 0 0 0 99.41 
22 0 0 0 0 0 99.27 
Factor Level
-1 0 +1 
Dye Concentration (mg/L) 200 300 400 
pH 11.8 12.0 12.2 
Dosage (mg/L) 1000 1500 2000 
Agitation Speed (rpm) 75 100 125 
Agitation Time (min) 3 5 7 
3. Results and discussion 
3.1. Screening of factors affecting on the colour removal (%) 
The identification of the factors that likely to be effective on the flocculation of reactive dye was 
carried out through 25-1 fractional factorial design. This is to determine the degree of the effect from the 
factors on the response. Independent factors e.g. concentration of dye, pH, dosage of composite polymer, 
agitation speed and agitation time have been taken into account to investigate their effect on the colour 
removal (%). The colour removal (%) was ranged from 70.77 to 99.68%.   
3.2. Normal probability plot of standardized effects  
The significance of each factor on colour removal (%) was evaluated through a normal probability plot 
of standardized effect with p = 0.05 as shown in Fig. 2. For the insignificant factors, their effects are 
normally distributed with mean zero and variance in which they are usually distributed along the straight 
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line. The results show that all independent factors and their interaction factors have non-zero means as 
they are deviated from the straight line imply that there are significant effects on colour removal (%). As 
the factors deviate further from the straight line, the more significance is the effects. The order of 
significance: dosage of composite polymer > pH > concentration of dye > agitation speed > agitation time. 
It is also noted that the interaction factor of pH*dosage of composite polymer had the strongest effect on 
the colour removal (%) where it is deviated the most from the straight line.   
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Fig. 2. Normal probability plot of standardized effect for colour removal (%).  
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Fig. 3. Plots for (a) main effect (b) interaction effect on colour removal (%).  
3.3. Main effects and interaction effects of the factors  
The plots of main effects and interaction effects consisting mean response values at different levels of 
factors are shown in Fig. 3 (a) and (b), respectively. The slope of the plot indicates the relative strength 
for the effect of the factors. Addition of center point to the design show that there is a curvature detected 
between the levels.  At center point of the factors is sufficient to give a good colour removal (%).  In 
Figure 3(a), a maximum colour removal (%) is achieved at a dosage of 1000 mg/L; however it decreases 
thereafter. This is attributed to reactive dye requires only certain dosage of MCPAM composite polymer 
to destabilize the molecule of reactive dye during flocculation, further addition of dosage causes the re-
suspension of destabilized flocs into the supernatant. The result shows that the colour removal (%) 
increases from pH 11.8 to 12.0 and drops thereafter. This is consistent with the findings of Gao et al. [8] 
where beyond pH 12.0, almost all magnesium ions from MCPAM composite polymer are converted into 
(a) (b) 
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precipitable hydroxide. Results show that moderate agitation speed and time are giving a good colour 
removal (%). Although the collision frequency of flocs is assumed to increase with the agitation speed 
and time, the colour removal (%) was observed to decrease at high level of agitation speed. This is due to 
disruption of flocs dominates at high shearing rate [9], where the shear breaks the large weak flocs and 
return into supernatant. From the interaction plots, the unparallel effect plots imply that there is 
interaction effect between the factors.  In factorial design, the interaction effect is able to be investigated 
unlike other type of experimental design whereby only the main effect on the response is provided.    
3.4. Analysis of variance (ANOVA) 
Table 2 shows the ANOVA analysis for colour removal (%) using MCPAM composite polymer. The 
p-value of main effects is smaller than 0.05 implies the significance of the independent factors. It is 
necessary to examine any interactions that are important in the experimental design analysis; the 2-way 
interactions show their significance at 95% confidence level. A remarkable colour removal (%) that is 
observed at the center point for all factors in the earlier stage indicates that there is a significant curvature 
detected where it would be the location of the optimal condition. Therefore, a higher order of regression 
model e.g. quadratic model is needed to fit the response for colour removal (%).  
Table 2. ANOVA analysis of colour removal (%). 
Source DF Seq SS Adj SS Adj MS F P
Blocks 2 1.35 1.35 0.676 19.05 0.000
Main effects 5 1093.18 1093.18 218.636 6159.84 0.000
2-way Interactions 10 2258.87 2258.87 225.887 6364.14 0.000
Curvature 1 493.01 493.01 493.009 13890.04 0.000
Residual Error 47 1.67 1.67 0.035
Lack of Fit 32 1.27 1.27 0.040 1.48 0.213
Pure Error 15 0.40 0.40 0.027
Total 65 3848.08
4. Conclusions 
The flocculation of reactive dye (Cibacron Red FN-R) was studied using 25-1 fractional factorial design. 
Effect of five factors e.g. concentration of dye, pH, dosage of composite polymer, agitation speed and 
agitation time that are affecting the flocculation were investigated. All independent factors as well as 
interaction factors were found to have significant effect on colour removal (%). The sequence of the 
significant main effects with respect to decreasing of effect was found to be: dosage of composite 
polymer > pH > concentration of dye > agitation speed > agitation time. Amongst the operating factors in 
question, interaction factor of pH*dosage of composite polymer had the strongest effect on the colour 
removal (%). A significant curvature is detected for all factors, where it would be the optimal condition 
located. The results show that fractional factorial design is suitable in investigating the effect of large 
number factors with a minimum number of experiments.  
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